The association of DLG5 R30Q with IBD has been replicated in several populations, but is not statistically significant in others. We studied the incidence of DLG5 alleles in a population of IBD patients from Pennsylvania. Methods: DLG5 R30Q (rs1248696) and G1066G (rs1248634) were analyzed with PCR-based RFLP methods in a total of 521 subjects, that included 105 individuals with IBD and 139 without IBD from a familial IBD registry, 107 with sporadic IBD, and 170 unrelated healthy controls. R30Q was further analyzed with SNPlex TM Genotyping System in 473 samples. Results: RFLP genotyping data showed that, DLG5 R30Q was significantly associated with IBD overall (p = 0.006), and separately with CD (p = 0.009) and UC (p = 0.024). The association of R30Q with IBD was entirely due to a male-associated effect (male vs female p = 0.015 vs 0.241 (IBD), p = 0.024 vs 0.190 (CD), and p = 0.019 vs 0.575 (UC)). The frequency of the A allele carriage was elevated in both affected and unaffected members in the familial IBD cohort compared to healthy controls (p = 0.037). In the family pedigrees, we observed differences in the expression of IBD in individuals carrying the A allele between families. Conclusions: In the studied population, DLG5 R30Q was associated with all forms of IBD. An elevated presence of the R30Q variant was observed in all members of a familial IBD registry. This association of the R30Q variant with IBD was male-specific.
Introduction
Inflammatory bowel disease (IBD), consisting of two major subgroups Crohn's disease (CD) and ulcerative colitis (UC), is a heterogeneous disease of intestinal inflammation, whose cause and clinical expression are affected by both genetic and environmental factors [1] [2] [3] . Evidence from both animal models and human studies, including twin [4, 5] and family studies [6, 7] . indicate that the development of IBD has a strong genetic component [8] . The first IBD-associated gene conferring susceptibility to CD, NOD2/CARD15, was identified on chromosome 16q12 in 2000 [9] [10] [11] , Additional associations of DLG5 [12] and gene clusters containing OCTN1 and OCTN2 [13] have been described. Recently, using genome-wide association technique, additional IBD associated genes/regions have been identified. These include TNFSF15 [14] , IL23R [15] , ATG16L1 [16, 17] , the 5p13.1 region [18] , and IRGM, NKX2-3 and PTPN2 [19, 20] .
DLG5 is a member of the membrane associated guanylate kinase family that plays a role in the formation of cell junctions, maintenance of cell shape and clustering of channel proteins at the cell surface [21] [22] [23] . The DLG5 variant 113G→A (R30Q) leads to the change of amino acid 30 in exon 3 from Arginine (G allele) to Glutamine (A allele) in the DLG5 protein, and may affect protein function. Stoll et al., [12] identified an IBD risk-associated DLG5 haplotype D that is uniquely distinguished by the 113A variant of R30Q. The association of R30Q with IBD has been replicated in other studies from several different patient populations [24] [25] [26] . Friedrichs et al., found a male-specific association of the R30Q variant with CD, with no association of the R30Q variant with women, nor with the entire sample of men and women [27] . However, the association of the R30Q variant with IBD failed to be replicated by several other groups with samples from several different countries, including Germany, Scotland, Belgium, and Hungary [28] [29] [30] [31] [32] [33] [34] [35] [36] . A US based population of IBD patients has been also studied [17, 37] . Biank et al found a significant negative association between R30Q in female children [37] .
The purpose of the present study was to evaluate the possible association of the R30Q allele of the DLG5 gene in a population of patients from Central Pennsylvania in the US using a familial registry. There has been no study to date, to our knowledge, investigating DLG5 R30Q in a patient sample from a familial IBD registry.
The Central Pennsylvania area is a relatively unique rural/suburban area. Historically it was largely populated by immigrants from Western Europe (Germany, the Netherlands) and the United Kingdom, and thus presents itself as having a patient population with a relatively homogeneous genetic background. A familial registry drawing on this population was established in 1999 at the Milton S. Hershey Medical Center recruiting families having at least two family members with IBD. Inclusion in the registry involved the harvesting and EBV immortalization of lymphocytes with clinical characterization of disease from both IBD affected and unaffected individuals within the family. The samples studied in the present project also included patients with sporadic IBD. In addition to the nonsynonymous DLG5 SNP R30Q, we included another DLG5 synonymous SNP G1066G in this study. The G1066G SNP does not alter the amino acid residue of the protein, and likely has no impact on DLG5 expression and function.
Materials and methods

Study participants and human tissues
A total of 716 samples were studied including: 1) Familial IBD patients from the Milton S Hershey Familial IBD Registry. A total of 244 individuals from 58 families were studied, 106 individuals were affected with IBD (CD: 59 and UC: 47) and 139 were without IBD. These included 124 males and 120 females ranging in age from 16-92 (mean 51) years old. Blood was collected from the participants and used to derive B lymphocyte cell lines by EB virus transformation [38] .
2) Sporadic IBD patients (n = 107) from the Milton S. Hershey Medical Center consisted of 57 patient with CD and 50 with UC. The age range was 22-66 (mean 48) years. There were 59 males, and 48 females. DNA in this group was obtained from intestinal tissue harvested at the time of surgery.
3) Unrelated healthy controls (n = 365). The age range was 15-81 years and the average age was 37. Most of the DNA was isolated from blood, but 60 was from lung tissues that were obtained from the Gift of Life Donor Program (Philadelphia, PA).
Genotype analysis using the PCR-based RFLPcRFLP method was performed on 521 samples including all 212 IBD patients, 170 unrelated controls, and 139 non-IBD individuals from the familial IBD registry. For genotype analysis with the SNPlex TM Genotyping System 473 samples were analyzed, including most individuals of the familial IBD registry, sporadic IBD, and additional newly recruited unrelated healthy controls.
All the human tissues described above were approved by the Human Subjects Protection Offices of The Pennsylvania State University College of Medicine, and were undertaken with the understanding and written consent of each subject. 
DNA isolation
Genomic DNA used in this study was isolated from the tissues and cells. For the B cell lines, cells were cultured in RPMI containing 12% FBS using standard sterile culture technique. Genomic DNA was isolated with the Gentra Systems kit (Minneapolis, MN). The final DNA pellet was suspended in 10 mM Tris buffer (pH 8.0). For intestinal tissue, blood, and lung tissue, genomic DNA was isolated with QIAamp DNA Mini Kit (Qiagen Inc. Valencia, CA) from pulverized tissue powder according to manufacturer's instruction. The DNA was eluted from the QIAamp column with distilled water (dH 2 O). DNA concentration was measured with a Nanodrop ND-1000 spectrophotometer (NanoDrop Technology, Wilmington, DE), and stored at −80
• C until use.
Genotyping with pcr-based rflp-crflp method
The two DLG5 variants R30Q (113G→A) (rs12486-96) and G1066G (3222C→T) (rs1248634) were genotyped using PCR-based restriction fragment length polymorphism (RFLP) and converted RFLP (cRFLP) methods [39] .
The DLG5 SNP R30Q (113G→A) is located in exon 3 (CCC A/G GC).
The G allele, CCGG, is an Msp I recognition site, but the A allele, CCAG, is not. A 103bp DNA fragment was amplified from genomic DNA with PCR primers 3DLG5r and 20DLG5f. All the primers used in this study are listed in Table 1 . After the PCR products were digested with Msp I, the PCR products of the A allele remained 103bp in length, while that of the G allele became 51 and 52bp long (Table 1 and Fig. 1A) .
To confirm the results obtained from Msp I RFLP, the BseY I RFLP method was used. The primers 29DLG5f and 30DLG5r were used for PCR amplification. In BseY I RFLP, the PCR products of the A allele (CCCAGC) were cut by the BseY I enzyme (yielding fragments of 120 and 20 bp), but that of the G allele (CCCGGC) were not ( Table 1 and Fig 1B) .
The DLG5 SNP G1066G (3222C→T) is located in exon 16 (GG C/T AC). The 3222T allele, GT AC, is a Rsa I recognition site, but the 3222C allele, GCAC, is not. A 66 bp DNA fragment was amplified with PCR primers 11DLG5f and 8DLG5r. After PCR product digestion with Rsa I, PCR products of the C allele remained 66 bp, while that of the T allele became 46 and 20 bp (Table 1 and Fig. 1C ).
The genotyping results from Rsa I RFLP were confirmed by the HpyCH4 V cRFLP method. To convert the G1066G (3222C→T) to a HpyCH4 V recognition site, a mismatched nucleotide T to G was introduced at the 2nd nucleotide of 3' end of primer 11DLG5f. By incorporating the mismatched T into the PCR products, the SNP C3222T was converted to TG C/T A (the original sequence is GG C/T A) where the C allele, TGCA, was cut by HpyCH4Y I (fragments 24 and 20 bp), and the T allele, TGT A was not (fragment 44 bp) ( Table 1 and Fig. 1D ).
For each RFLP/cRFLP analysis, more than 10% of the samples were randomly selected and repeated.
One hundred ng of DNA was used for the PCR in a 30 µl volume. The PCR profile was as follows: 95
• C for 2 min, 5 cycles of 95
• C for 30 sec, 50
• C for 1 min, and 72
• C for 1 min, then 30 cycles of 95 • C for 30 sec, 58
• C for 1 min, followed by a final extension step at 72
• C for 4 min. PCR products (5 µl) were digested with an appropriate restriction enzyme according to manufacturer's instructions.
The digested PCR products were separated on PAGE (8% for R30Q, 10% for G1066G). The gel photograph is partly shown in the Fig. 1. 
Genotyping with SNPlex
TM Genotyping System DLG5 R30Q was included in another genetic association study using the SNPlex TM Genotyping System (Applied Biosystems, Foster City, CA, USA) as Fig. 1 . Genotype analysis of the DLG variants R30Q and G1066G. PCR amplification and restriction enzyme digestion were described in the Material and Methods. After the restriction enzyme digestion, PCR products were loaded on 8% PAGE for R30Q and 10% PAGE for the G1066G to separate allelic products, then stained with ethidium bromide and photographed under UV light. The patterns of allelic products of R30Q on the 8% PAGE with Msp I RFLP method were shown in Panel A, and with BseY I RFLP method were shown in Panel B. The patterns of allelic products of G1066G on the 10% PAGE with Rsa I RFLP method are shown in Panel C, and with HpyCH4 V cRFLP method is shown in Panel D. In panels B, C, and D, the 20bp fragments run out of the gel and thus were not seen. Numbers 1 to 10 denote the respective DNA sample; C was the PCR control without DNA. The DNA fragments for A and G alleles of R30Q and for C and T alleles of G1066G were indicated by arrows.
described previously [16, 40, 41] . In brief, 100 ng of genomic DNA were used for genotyping using the SNPlex TM chemistry (Applied Biosystems) on an automated platform with TECAN Freedom EVO and 384well TEMO liquid handling robots. Genotype assignments were confirmed by visual inspection with the Genemapper software v4.0 (Applied Biosystems). The samples used for SNPlex TM Genotyping were the same as for RFLP-cRFLP methods, but without sporadic CD samples, but including more unrelated healthy controls.
The genotype concordance for both SNPs under study was 100% between all the samples (n = 521) for the two different RFLP methods, between two repeats in each RFLP analysis (for each RFLP of each SNP, sample n = 95), and between the two genotyping methods of PCR-based RFLP and the SNPlex TM genotyping system (samples n = 339 for the technical validation).
Statistical analysis
The genotype data of the 521 samples using the PCRbased RFLP method was used for statistic analysis using SAS software version 9.1.3 (SAS Institute; Cary, NC). Pearson's X 2 -test with one degree of freedom for allelic association were performed using Haploview. We also calculated Genotype-based Odds Ratio (OR) using Fisher's contingency tables and tested association similarly. The difference was considered as significant when p < 0.05.
Results
Genetic association of the DLG5 R30Q with IBD, CD, and UC
The DLG5 R30Q was almost entirely in the form of the heterozygous AG (only one was AA in the total of 521 studied samples. The frequency of A allele carriage in healthy controls was only 13%, much less common than the G allele (87%). However, the carriage of the A allele in the sporadic IBD patients was 20.2%. In both familial IBD (n = 105) and sporadic IBD (n = 107), the frequency of A allele carriage was 19.1%. The statistical analysis showed that the R30Q variant was significantly associated with IBD (OR = 2.131, 95% CI 1.233-3.684, χ 2 = 7.541, p = 0.006) ( Table 2 ). Further analysis of the R30Q allele separating the CD and UC patients indicated a significant association of R30Q with each of CD and UC in the studied populations (familial and sporadic) ( Wn is the number of familial members with IBD while On is the number of familial members without IBD from the familial IBD registry. It is very interesting to note that in all family members (both IBD affected (n = 105) and unaffected (n = 139) with IBD) the A allele carriage was as high as 20.9%. Compared to unrelated healthy controls (13%), the frequency of DLG5 A allele carriage in these family members were very high, similar to the sporadic IBD patients (20.9%). This was statistically significant (OR = 1.778, 95% CI 1.032-3.062, χ 2 = 4.372, and p = 0.037). In these family members, more than half were not affected with IBD (105 individuals were affected with IBD and 139 individuals without IBD), suggesting that DLG5 R30Q is a risk factor for IBD development, but not sufficient for disease expression. For the SNP G1066G in these families, as expected, there was no association with IBD (OR = 0.994, 95% CI 0.671-1.471, χ 2 = 0.001, and p = 0.975) ( Table 2 ). G1066G is another DLG5 variant. This substitution of T to C occurs at the third nucleotide of the amino acid codon 1066 glycine, resulting in no amino acid change (synonymous). Thus the G1066G variant is presumed to have no direct impact on DLG5 protein function. The genotyping results (Table 2) indicated that the frequency of carriership of T (i.e. CT and TT) was 53% among all IBD patients and 47% in healthy controls. Statistical analysis showed that there was no association of the G1066G with IBD (OR = 1.290, 95% CI 0.861-1.933, χ 2 = 1.526, p = 0.217).
Male-specific association of the DLG5 R30Q with IBD, CD and UC
Some epidemiological data suggests gender related differences in CD incidence. We further examined whether gender, as a modifier, affected the association of the R30Q with IBD. The results indicated that the association of the R30Q was entirely due to a malespecific association with IBD (p = 0.015 in men vs p = 0.241 in women), with CD (p = 0.024 in men vs p = 0.190 in women), and with UC (p = 0.019 in men vs p = 0.575 in women) ( Table 3 ). For the SNP G1066G, there was no male-specific association (Table 3) . This indicates that the R30Q variant conferred a much higher risk of IBD in men than women. The results presented here support the previous finding that R30Q is a male-specific association in CD [27] , and further reveals that the male-specific association of the R30Q variant is also seen in UC, and thus in IBD overall in the studied populations.
Clinical expression of IBD between families carrying the A allele of DLG5 R30Q
A varied clinical expression or phenotype of the R30Q allele was observed among different families carrying the A allele. Figure 2 shows 3 typical examples. In family A, both family members carrying the A allele were affected with IBD, while the other 2 members without the allele were not. Conversely, in family B, none of the three family members carrying the A allele was affected with IBD, while none of the three family members affected with IBD carried the A allele. In family C, the clinical expression of IBD varied in the 4 family members carrying the allele. Two of the carriers were affected with IBD, one was affected with colon cancer, and the other had no disease symptoms (Fig. 2) . These observations suggest that although the R30Q variant was significantly associated with IBD on a statistical basis, clearly it was only a weak factor and was neither sufficient nor necessary to cause IBD. The clinical expression of the A allele, in so far as IBD is concerned, is likely affected by other genetic and environmental factor(s).
Discussion
The present report shows that the R30Q variant of the DLG5 gene was associated with both CD and UC in the studied Pennsylvania population. Further analysis indicated that the association was entirely due to a male-specific association with IBD, CD, and UC. We also observed an elevated presence of the R30Q variant in both those family members affected and those not affected with IBD in the studied familial IBD registry, suggesting that the R30Q variant is a risk factor for developing IBD. The evidence, that the DLG5 nonsynonymous SNP R30Q showed an association with IBD while the DLG5 synonymous SNP G1066G did not, is supportive that DLG5 R30Q may be a functional SNP in IBD pathogenesis, although this needs to be functionally studied.
Since Stoll et al., reported that the R30Q was associated with CD patients, several groups have studied its effect on CD and IBD in different populations. The association of the R30Q variant with IBD has been supported in some studies [12, 24, 25, 27] , but failed to be replicated in others [28] [29] [30] [31] [32] [33] [34] .
The varied association of the DLG5 gene with IBD may reflect the heterogeneity of the disease process and implies that DLG5 is a moderate/weak factor for IBD. IBD is a multigenic complex disease and is affected by environmental factors. In a hypothetical model, genetic mutations could be classified as having either a major or minor effect on disease expression, while other genes could be modifiers of disease [42] . DLG5 may be a minor factor, whose disease-causative effects could be easily modified in either a positive or negative way by other genes or other influences including gene-environment interactions (e.g. epigenetic modification of genetic elements). The clinical phenotype expression differed between families carrying the A allele and the gender-specific association of R30Q with IBD support this assertion.
It will be difficult to definitively elucidate the role of DLG5 in the pathogenesis of IBD, because DLG5 is only one of many potential susceptibility genes, each of which could play a larger or lesser role in disease pathogenesis, depending on the relative presence or absence of other genetic and environmental determinants. Based on the present study using familial IBD pedigrees, further study on the selected families and individuals where significant associations do exist will facilitate mechanistic study of DLG5 in IBD pathogenesis.
To evaluate the role of the DLG5 gene in IBD pathogenesis in this study, we used well-characterized patients with a relatively homogeneous ethnic background. Our familial registry consists of 99% Caucasian and 73% of individuals are descendants or immigrants from the UK, Germany or the Netherlands. Using the same population, we have previously observed a high frequency of NOD2 mutations which were found in approximately 50% of studied families [43] . Compared to previous studies looking at DLG5 where casecontrol studies were used or parent-offspring trio samples, the present study is the first one using a familial IBD registry in an US based environment. The lack of relative ethnic diversity in our familial patient registry may allow the discovery of or association of susceptibility genes that are more difficult to define in more heterogeneous populations. The result reported here may be unique to this relatively less heterogeneous group of Pennsylvania patients. The studied familial IBD registry may provide family pedigrees to allow future study of the mechanism of disease promotion by the DLG5 R30Q.
The present study reveals a male-specific association of the R30Q variant with IBD overall, as well as with CD and UC separately. Male-specific linkage has been found in the major histocompatibility region of chromosome 6p (IBD3) in affected families of both CD and UC. Regions on chromosome 11, 14, and 18 also have shown strong evidence of linkage in male-affected families but not in female-affected families [44] . A male-specific association of the R30Q variant with CD has been recently reported by Friedriches et al., [27] . These observations raise very interesting questions including what is the "gender factor" and how does it affect IBD development? Whether the gender factor inhibits a protective effect associated with the X chromosome, or conversely, facilitates a disease promoting gene that is associated with the Y chromosome, or whether endocrine tissues play a role, are currently unknown. Recently, Biank et al., reported that R30Q is a female-specific protective factor in pediatric CD [37] . A larger gender-stratified meta-analysis with 4707 CD patients and 4973 controls showed an association of 30Q with decreased risk of CD in females [35] . These observations raise very interesting questions including what is the "gender factor" and how does it affect IBD development? Whether the gender factor inhibits a protective effect associated with the X chromosome, or conversely, facilitates a disease promoting gene that is associated with the Y chromosome, or whether endocrine issues play a role, are currently unknown.
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